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This quasi-experimental research used Ecological Momentary Assessment with electronic surveys
delivered through mobile phones to determine whether children change the type of contexts
(i.e., settings) where they engage in physical activity after a recent move to a smart growth (SG)
community in the U.S. as compared to children living in conventional low-to-medium density U.S.
suburban communities (controls). SG vs. control children engaged in a greater proportion of physical
activity bouts with friends, a few blocks from home, and at locations to which they walked. Over six
months, the proportion of physical activity bouts reported at home (indoors) and in high trafﬁc
locations decreased among SG but not control children. Six-month increases in daily moderate-to-
vigorous physical activity did not signiﬁcantly differ by group. Children might have altered the type of
contexts where they engage in physical activity after moving to SG communities, yet more time may be
necessary for these changes to impact overall physical activity.
& 2011 Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction
Obesity and physical inactivity increase risk for serious health
conditions among children (Biro andWien, 2010; Ogden et al., 2010;
Strong et al., 2005). Recent estimates suggest that only 40–50% of
U.S. children 6–11 years of age and 6–11% of children 12–15 years of
age engage in Z60 min per day of moderate-intensity activity on at
least 5 out of the past 7 days (Troiano et al., 2008). Low levels of
physical activity in children are increasingly being linked to physical
characteristics of neighborhood and community environments that
favor inactive forms of leisure and transportation (Anderson and
Butcher, 2006; Salmon and Timperio, 2007). Children with access to
parks and recreational facilities, sidewalks and controlled intersec-
tions, destinations and public transportation engaged in more
physical activity than children living in neighborhoods that lack
these types of facilities (Davison and Lawson, 2006; Ferreira et al.,
2007; Santos et al., 2009). Other recent work suggests that physical
activity among youth is related to the proportion of green space
(de Vries et al., 2007), trafﬁc volume (Crawford et al., 2010), number
of accessible destinations (Hume et al., 2007), safety (Alton et al.,
2007), and having places to be active (Heitzler et al., 2006).
Smart growth (SG) is an increasingly popular interna-
tional urban planning strategy that incorporates many of these: þ1 626 457 4012.
Y-NC-ND license.activity-promoting features (Catlin, 2007; Dalbey, 2008; Durand
et al., 2011; Knaap and Talen, 2005; Song, 2005; Talen and Knaap,
2003; U.S. Environmental Protection Agency, 2010). SG offers a
set of broad principles that provide a framework for making
development decisions that are designed to result in vibrant,
diverse, economically healthy communities with a strong sense of
place (Knaap and Talen, 2005). The Smart Growth Network, a
national umbrella organization, uses 10 principles to describe SG
planning including compact building design (e.g., minimum
housing densities, reduced lot size guidelines), walkable neigh-
borhoods (e.g., reduction of street widths, sidewalk require-
ments), sense of place (e.g., enhanced neighborhood character
and identity, places for interaction among residents), mixed uses
(e.g., combination of residential and commercial use), and open
space (e.g., parks, wetlands, natural spaces) (Knaap and Talen,
2005). Although SG planning is similar to goals of the New
Urbanism movement in that both seek to manage and reduce
urban sprawl, New Urbanism is more closely associated with
speciﬁc architectural styles including neotraditional urban design.
Also, SG is increasingly based on a set of policies and related
growth management tools to encourage sustainability, reduce
sprawl, and strengthen existing urban centers. Despite the poten-
tial of SG design to promote physical activity, little is known
about how frequently children living in SG communities actually
use the environmental features that are available, and whether
their use of these features translates into higher overall physical
activity. Lack of awareness of opportunities for physical activity
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concerns (Salmon et al., 2007) may serve as barriers to use of
facilities and amenities. To better understand the effect of SG
communities on children’s physical activity, research is needed on
whether the types of settings used for physical activity differ
between children living in SG communities as compared to
conventional low-to-medium density suburban developments.
To address this question, context-speciﬁc methods of assessing
children’s physical activity behavior are necessary. Past research
has employed in-person observational techniques to measure
children’s activity in single settings, such as on school playgrounds,
at parks, or during physical education classes (McKenzie et al.,
2006, 2000; Nader and National Institute of Child Health and
Human Development Study of Early Child Care and Youth
Development Network, 2003). However, these context-speciﬁc
observational techniques do not capture children’s physical activity
behaviors across the full range of settings in which they take place
throughout the day. Other research in this area has used time use
survey, 3-day recall, and Global Positioning Systems (GPS) meth-
odology to describe the percentage of physical activity bouts that
take place in various social and physical contexts (Dunton et al.,
2010a; Jones et al., 2009; Pate et al., 2011; Wheeler et al., 2010).
Yet, these studies typically assess broad categories of settings (e.g.,
home, school, outdoors) and also may be vulnerable to recall and
reporting biases. These limitations can be overcome using real-
time data capture methods such as Ecological Momentary Assess-
ment (EMA) (Dunton and Atienza, 2009; Dunton, 2011; Dunton
et al., 2010b). Through electronic surveys delivered on the display
screen of mobile phones, children can report where and with
whom they are currently engaging in physical activity, as well as
how they perceive those settings. The current study used EMA to
determine (1) whether among children reporting physical activity,
the contexts of those physical activity episodes differed between
children recently moving to a SG community as compared with
children living in conventional low-to-medium density U.S. sub-
urban communities, which served as the control (Group Effects);
(2) whether the contexts of children’s physical activity change
across the 6-month duration of the study, which represents the
initial time period after children in the SG group have moved to the
new community (Time Effects); (3) whether changes in physical
activity contexts differ between the SG and control groups (Group-
 Time Effects); and (4) whether changes in physical activity
contexts mediate the effects of moving to a SG community on
physical activity (Mediation Effects). Throughout this paper, the
words ‘‘context’’ and ‘‘setting’’ are used interchangeably to mean
the circumstances (physical and social) under which physical
activity behavior occurs.2. Methods
2.1. Research setting: smart growth and control communities
The current study took place in San Bernardino County,
California, in the United States, a primarily suburban area located
about 35 miles East of downtown Los Angeles. San Bernardino
County has a moderate climate (summer temperatures 60–90 1F
and winter temperatures 40–701 F) and an average annual rainfall
of about 17 in., with the majority of precipitation occurring
between December and March. The target community, the
Preserve, was designed to follow SG principles. Homes are set
close to the streets, with garages set back, and porches up front to
encourage interaction. The Preserve was designed so that school,
public and private recreational facilities, and future commercial
facilities are within a 5–15 min walking distance from any
residence. Housing options were targeted primarily towardmiddle income families, but the community also offers low
income apartments as a part of its affordable housing obligation.
The total area of the Preserve is 5435 acres, of which 53% is open
space, 25% is residential, 13% will be commercial, and 9% consists
of public facilities and roads. The community is currently under
development with residents moving in on a rolling basis as
housing becomes available. At the time of this study, 1701 homes
plus 255 apartment units were complete, out of an estimated
12,231 home/apartment units (33,249 residents) to be available
when the community is fully built out. The control group included
children living in one of the six nearby low-to-medium density
suburban municipalities (within a 30-min drive of Chino, CA)
including Chino, Chino Hills, Corona, Ontario, Pomona, and
Montclair. Residents of the Preserve (31% Hispanic, 26% White/
Caucasian, 34% Asian, and 6% African-American) and the control
communities (26–64% Hispanic, 41–62% White/Caucasian, 4–22%
Asian, 6–10% African-American) were similar in terms of demo-
graphic composition (U.S. Census Bureau, 2009). Unlike the SG
community, which is still under development, the control com-
munities are mainly built out. According to an environmental
audit (results presented elsewhere), the SG community had
signiﬁcantly greater building density, less auto-dominated form,
greater non-residential land uses, fewer barriers to connectivity,
more parks and playgrounds, more trafﬁc safety and esthetic
features, and fewer physical incivilities such as grafﬁti and litter
than the control communities (Alfonzo et al., 2011).
2.2. Participants and recruitment
Participants included 121 ethnically-diverse children (9–13
years old) from primarily low to middle income households. The
current study collected data from a subgroup comprising 23% of
the total sample of children participating in a larger 4-year
intervention trial (Healthy PLACES), which is investigating the
effects of SG community design principles on the prevention of
family obesity risk. The intervention group consisted of children
whose families had recently moved to the SG community.
The control group consisted of children living in nearby commu-
nities whose family considered buying or renting a home or
apartment in the speciﬁc SG community under examination.
Recruitment for the SG group used a variety of channels including
informational ﬂyers and letters distributed at community events,
housing association meetings, residences, and the school within
the SG community. To recruit control group participants, posters
and ﬂyers were given out at community health clinics, churches,
grocery stores, schools, and community events. Additionally, study
advertisements were placed in local newsletters and newspapers.
Parents were screened by phone to determine children’s eligibility
for the study. Inclusion criteria for both groups consisted of the
following: (a) lived in Chino, CA or within a 30-min drive of Chino,
CA, (b) enrolled in the 4–8th grade, (c) annual household income
less than $165,000, and (d) ability to complete questionnaires in
English. Parents of children living in the control communities were
additionally asked if they had considered moving into the
Preserve. Children who met the eligibility criteria were scheduled
for a data collection appointment at a local community site or
their home. This research was reviewed and approved by the
Institutional Review Board at the University of Southern California.
2.3. Study design
Participants in both groups were measured twice during a one-
year period. Baseline data (T1) were collected from May to mid-
July and from September to October of 2009. The second wave
(T2) of data collection occurred approximately 6 to 12 months
after the baseline (from November to December of 2009 and from
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late July to August and during January due to the extreme
temperatures and weather. This study was designed to compare
initial short-term changes in self-reported physical activity con-
texts and behavior between the SG and the control groups.
2.4. Protocol
This study used electronic EMA to measure current activity,
social context, physical context, and environmental perceptions.
EMA data were collected through a mobile phone (HTC Shadow,
T-Mobile USA, Inc.) with a custom software program installed
(Froehlich et al., 2007). The mobile phone calling and internet
capabilities were disabled. Four days of EMA data were collected.
Monitoring occurred during children’s discretionary time from
Friday at 4 pm to Monday at 8:30 pm with 20 auditory prompts
(3–7 random prompts during preprogrammed intervals each day).Current Activity Current Activity (other) 
Vegetation Traffic
Travel Mode Alone
Siblings Other Family 
Fig. 1. Screen shots for Ecological MomNo prompting occurred between 8am and 4pm on Monday during
school hours. Upon hearing the signal, children were instructed to
stop their current activity and complete a short electronic ques-
tion sequence using the device. This process required about
2–3 min. If a signal occurred during an incompatible activity
(e.g., sleeping, bathing), participants were instructed to ignore
it. Children were compensated up to $40 for participating in the
study: $20 plus an additional $1 for each completed EMA entry
(20 total) over the 4 days. Further information about the EMA
protocol is described elsewhere (Dunton et al., 2010b, in press,
2011).
2.5. Measures
EMA items. EMA question sequences measured current activity,
social context, physical context, and perceived characteristics of that
location (see Fig. 1). The EMA items assessing current main activityPhysical Context Other Context 
Safety Distance From Home
Friends Parents
Strangers
entary Assessment (EMA) items.
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against step counts and minutes of moderate-to-vigorous physical
activity (MVPA) measured through an Actigraph accelerometer
(Dunton et al., 2010b). Children were asked, ‘‘WHERE were you just
before the beep went off?’’ with the following response options
(home, school, car/van/truck, outdoors, restaurant, store/mall, some-
one else’s house, gym/recreation center, someplace else). Children
were also asked to answer either ‘‘yes’’ or ‘‘no’’ to indicate whether
they were alone right before the beep went off. If they reported that
they were not alone, they received a series of follow-up questions
requiring ‘‘yes’’ or ‘‘no’’ responses to indicate whether they were
with their mom or dad, brother(s) or sister(s), other family members
(cousins, aunts, uncles), friend(s), classmates, or people they do not
know. The remaining questions in the EMA sequence asked about
other physical contextual features (e.g., perceived safety, trafﬁc,
vegetation, distance from home). To reduce participant burden, each
item appeared in a randomly programmed 12 out of the 20 question
sequences [60% of sequences], with the exception of current main
activity type, which occurred during every sequence. All EMA items
were thoroughly pilot tested in the target population for compre-
hension and applicability (Dunton et al., 2010b).
Physical activity. The Actigraph, Inc., GT2M model activity moni-
tors provided an objective measure of physical activity. The device
was worn on the right hip attached to an adjustable belt. A 30-
second epoch was used. The accelerometer sampling period was
4 complete days (Friday morning through Monday evening), which
encompassed the EMA monitoring period. The devices were not
worn when sleeping, bathing, or swimming. Moderate-to-vigorous
physical activity (MVPA) was deﬁned using age-speciﬁc thresholds
generated from the Freedson prediction equation (Z4 Metabolic
Equivalents) (METs) (Freedson et al., 1997, 2005). Strings of con-
tinuous recordings of zero activity counts lasting 60 min or more
were considered accelerometer non-wear and excluded from ana-
lyses. Accelerometer data were aggregated per day across the four
days of monitoring. Valid days were deﬁned as having at least 10 h
of accelerometer wear (Troiano et al., 2008).
Height and weight. Children’s height and weight were mea-
sured in duplicate using an electronically calibrated digital scale
(Tanita WB-110A) and professional stadiometer (PE-AIM-101) to
the nearest .1 kg and .1 cm, respectively. Body Mass index (BMI)
was calculated (kg/m2). Children were classiﬁed as underweight
(less than 5th percentile), at-risk for underweight (5th–14th
percentile), normal weight (15th–84th percentile), at risk for
overweight (85–94th percentile), or overweight (95th percentile
or greater) according to CDC age and gender adjusted BMI
percentile cut-offs.
Demographics characteristics. Participants’ age, sex, and ethni-
city were assessed through a child self-report survey. Parents
reported annual household income.
2.6. Data analyses
Prior to data analysis, some data were removed, and variables
were recoded. EMA entries, which reported participating in
physical activity with strangers only (n¼3) and in a car/van/truck
(n¼4), were not included. No entries reported physical activity at
a restaurant. Annual household income data was divided into
quartiles (less than $45,000; $45,000–$79,999; $80,000–$99,999;
and $100,000 and above).
Only EMA entries reporting the current main activity type as
physical activity (i.e., active play, sports, or exercise) (15% of all
EMA entries) were included in the analyses. Data were analyzed
with SUDAAN 10.0 (RTI International, Research Triangle Park, NC).
Multilevel multinomial logistic regression analyses tested the
main effects and interactions for Group (SG vs. control) and Time
(wave 1 vs. wave 2) predicting the likelihood of physical activityoccurring more than a few blocks away from home or a few
blocks away from home vs. at home (reference group); and
whether children traveled to physical activity locations by walk-
ing or bicycling vs. motorized transit (i.e., car, van, truck, bus,
subway, train) (reference group). Multilevel logistic regression
examined the Group main effect, Time main effect, and Group-
 Time interactions for the likelihood of physical activity occur-
ring with friends only vs. other social contexts (family only,
friends and family together, and alone); at home vs. the other
physical contexts (outdoors, someone else’s house, school, store/
mall, gym/recreation center, and someplace else); whether phy-
sical activity contexts were perceived as having a lot of trees and
plants vs. no/some trees and plants, no trafﬁc vs. a lot of/some
trafﬁc, and very safe vs. unsafe/somewhat safe. To investigate the
extent to which changes in physical activity contexts mediated
changes in physical activity levels, a multilevel linear regression
model tested whether children who recently moved to SG com-
munity had a larger 6-month increase in daily MVPA as compared
with children in the control communities. If the effect on MVPA
remained statistically signiﬁcant after controlling for the effects
of 6-month changes in physical activity contexts, we could
conclude that 6-month changes in physical activity contexts
mediated the association between type of community and
6-month change in MVPA.
A Generalized Estimating Equations (GEE) regression approach
was taken, which employed a robust variance estimation method
(SEMETHOD¼Zeger) to adjust the standard errors for the
clustering of EMA observations within each child. The without
replacement (WR) design statement was used, as it is the
most appropriate setting for implementing GEE model-ﬁtting
techniques (see http://www.rti.org/ sudaan/page.cfm/SUDAAN_De
sign_Options). All models controlled for sex, age, and annual
household income. Adjusted Wald F statistics and associated
p-values were used to determine the statistical signiﬁcance of each
factor in the regression analyses. Statistical models testing Time
and Group Time Effects controlled for the number of days lapsed
between assessment waves. Predicted margins (i.e., standardized
proportions adjusting for all of the other model covariates) were
generated from the logistic and multinomial logistic regressions
(Korn and Graubard, 1999).3. Results
3.1. Descriptive statistics
One-hundred and twenty children successfully completed the
EMA protocol for time 1. Data for one participant was irretrievable
due to a missing memory card upon return of the mobile phone.
Although a total of 102 children participated in time 2 (85%
retention rate), EMA data were available for 101 children due to
technological problems with one mobile phone. The demographic
characteristics for the ﬁnal sample of ninety-four children (n¼46
smart growth and n¼48 control) with at least one EMA survey
report of physical activity during either of the two waves are
shown in Table 1. The groups did not differ in terms of sex, age,
race/ethnicity, annual household income, or weight status. The
median length of time that children had lived in the SG commu-
nity was 15 months, whereas children in the control group had
lived in their homes for 95 months (median). The median length of
time between assessment waves was 168 days. On average,
children responded to 78% (range 5–100%) of EMA survey prompts
across both waves. Overall, physical activity (i.e., active play,
sports, or exercise) was reported as the main activity in 14% and
16% of EMA responses across both waves for the smart growth and
control groups, respectively. Accelerometer data were unavailable
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2 due to technical problems with initializing and downloading
data. The numbers of valid days of accelerometer data were as
follows for time 1 : 4 days (71%), 3 days (18%), 2 days (10%), and
1 day (1%) and for time 2 : 4 days (45%), 3 days (32%), 2 days (9%),
1 day (7%), and 0 days (7%). Descriptive statistics for the distribu-
tion of physical activity across overall physical contexts (both
waves combined) was as follows for the SG vs. control: outdoors
(54% vs. 52%), at home (indoors) (29% vs. 36%), someone else’s
house (6% vs. 10%), other (11% vs. 2%). The distribution of physical
activity across overall social contexts (both waves combined) was
as follows for the SG vs. control: family (28% vs. 41%), friends (15%
vs. 8%), alone (17% vs. 15%), and multiple categories (i.e., family
members and friends together) (40% vs. 36%).Table 1
Demographic characteristics.
Smart growth
(n¼46)
Control
(n¼48)
p
n (%) n (%)
Sex .643
Male 23 (50.0) 26 (54.2)
Female 23 (50.0) 22 (45.8)
Age .517
9 6 (13.0) 3 (6.3)
10 11 (23.9) 16 (33.3)
11 12 (26.1) 13 (27.1)
12 14 (30.4) 10 (20.8)
13 3 (6.5) 6 (12.5)
Annual household incomea .469
Less than $45,000 10 (21.7) 14 (29.2)
$45,000–$79,999 12 (26.1) 15 (31.3)
$80,000–$99,999 12 (26.1) 9 (18.8)
$100,000 and above 11 (23.9) 10 (20.8)
Race/ethnicityb .257
African-American 7 (15.2) 1 (2.1)
Asian 6 (13.0) 3 (6.3)
Hispanic/Latino 15 (32.6) 15 (31.3)
White/Caucasian 10 (21.7) 15 (31.3)
Biracial/Mixed 5 (10.9) 9 (18.8)
Other 3 (6.5) 4 (8.3)
Weight status .789
Underweight (BMIo5%) 1 (2.2) 2 (4.2)
At risk for underweight (BMI¼5–
14%)
2 (4.3) 3 (6.3)
Normal weight (BMI¼15–84%) 23 (50.0) 28 (58.3)
At risk for overweight (BMI¼85–
94%)
11 (23.9) 6 (12.5)
Overweight (BMIZ95%) 9 (19.6) 9 (8.8)
a The parent of one child in the smart growth group declined to report annual
household income information.
b Race/ethnicity information was missing for one child in the control group.
p-Values generated from chi-square tests for the difference between groups.
Table 2
Results of logistic and multinomial logistic regression models examining group (SG vs.
activity settings.
Overall physical setting (indoors at home vs. other [ref])
Overall social setting (friends only vs. other [ref])
Distance (more than a few blocks away from home or a few blocks away
from home vs. at home [ref])
Travel mode (walking or bicycling vs. motorized transit [ref])
Vegetation (a lot of trees and plants vs. no/some trees and plants [ref])
Trafﬁc (a lot of/some trafﬁc vs. no trafﬁc [ref])
Safety (very safe vs. unsafe/somewhat safe [ref])
Note: all models adjust for sex, age, and annual household income.3.2. Group, Time, and Group Time effects on physical activity
contexts
Statistical models tested (1) whether the contexts of those
physical activity episodes differed between children recently
moving to a SG community as compared with children living in
conventional low-to-medium density U.S. suburban communities
(Group Effects); (2) whether the contexts of children’s physical
activity change across the 6-month duration of the study, which
represents the initial time period after children in the SG group
have moved to the new community (Time Effects); and
(3) whether changes in physical activity contexts differ between
the SG and the control groups (GroupTime Effects). The results
are displayed in Table 2. The main effect for Group was found to
be marginally signiﬁcant for the model predicting the overall
social setting of physical activity (Adj. Wald F¼2.78, df¼1,
p¼ .099). As compared with the control group, SG children
engaged in a greater proportion of physical activity bouts with
friends (15% vs. 8%). However, the Group Time interaction was
not statistically signiﬁcant. The social setting of children’s physi-
cal activity did not change over time. There was a marginally
signiﬁcant main effect for Group in the model predicting
perceived vegetation of outdoor physical activity contexts (Adj.
Wald F¼3.66, df¼1, p¼ .059). As compared with children in the
control group, SG children reported that a greater proportion of
their physical activity occurred in outdoor locations with a lot of
trees (61% vs. 39%). However, perceived vegetation did not change
over time. The main effects for Group were statistically signiﬁcant
for the models predicting distance from home (Adj. Wald
F¼13.43, df¼2, po .001) and travel mode to (Adj. Wald F¼4.68,
df¼2, p¼ .011) physical activity locations. As compared with
children in the control group, SG children engaged in a greater
proportion of physical activity bouts a few blocks from home (46%
vs. 15%) and traveled to a greater proportion of physical activity
bouts by walking (32% vs. 14%) (see Figs. 2 and 3). However, the
GroupTime interactions were not statistically signiﬁcant for
these outcomes.
Results found that the Group Time interaction was margin-
ally signiﬁcant for the model predicting the physical contexts of
physical activity (Adj. Wald F¼3.43, df¼1, p¼ .07). Among SG
children, the proportion of physical activity bouts reported at
home (indoors) decreased between time 1 (34%) and time 2 (16%),
whereas the proportion of home-based physical activity did not
change in the control group (35% at time 1 and 39% at time 2).
Also, the GroupTime interaction for perceived trafﬁc at outdoor
physical activity locations was statistically signiﬁcant (Adj. Wald
F¼4.51, df¼1, p¼ .036). Among SG children, the proportion of
physical activity bouts reported in outdoor locations with no
trafﬁc increased between time 1 (55%) and time 2 (66%), whereas
the proportion of physical activity at no trafﬁc locations
decreased in the control group (78% at wave 1 and 49% at wave 2)control), time (wave 1 vs. wave 2), and GroupTime effects on children’s physical
Group Time GroupTime
Adj. Wald F (p) Adj. Wald F (p) Adj. Wald F (p)
3.56 (.062) .72 (.396) 3.43 (.067)
2.78 (.098) .02 (.889) 1.17 (.283)
4.68 (.011) .25 (.776) 1.49 (.230)
13.43 (o .001) .10 (.906) .46 (.633)
3.66 (.059) .44 (.510) .02 (.884)
.02 (.901) 1.24 (.269) 4.51 (.036)
1.20 (.277) .16 (.687) o .01 (.967)
Fig. 3. Group differences in travel mode to reported physical activity contexts.
Fig. 4. Group time differences in physical activity contexts with no trafﬁc.
Fig. 2. Group differences in the distance from home of reported physical activity
contexts.
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for the models predicting the perceived safety of outdoor physical
activity contexts.3.3. Mediation effects for physical activity contexts
To investigate the extent to which changes in physical activity
contexts mediated changes in physical activity levels, a multilevel
linear regression model tested whether children who recently
moved to SG community had a larger 6-month increase in daily
MVPA as compared with children in the control communities
(Group Time Effect). Minutes of daily MVPA appeared to
increase to a greater extent in the SG group (from 32.75 min/day
at time 1 to 42.78 min/day at time 2) than the control group (from
34.23 min/day at time 1 to 38.40 min/day at time 2). However, the
Group Time (Adj. Wald F¼ .44, df¼1, p¼ .51) effect was not
statistically signiﬁcant. Thus, further tests of mediation were not
warranted.4. Discussion
SG urban planning strategies have the potential to increase
physical activity and prevent obesity in children (Catlin, 2007;
Durand et al., 2011). However, little is known about whether and
how frequently children living in communities whose design is
based upon SG planning principles actually use the environmen-
tal features that are available such as parks, trails, open spaces,
playgrounds, and pedestrian-friendly infrastructure.
Results indicated that the physical activity contexts of children
living in a SG community in the U.S. differed in several ways from
children living in conventional low-to-medium density U.S. sub-
urban communities. Children from the SG community were more
likely to be physically active in the company of friends only. A
number of urban design and/or neighborhood-related differences
between the two types of communities could explain this differ-
ence. A goal of SG planning is to develop communities with
compact building design including increased residential density
and reduced lot size (National Center for Appropriate Technology,
2010). Children whose homes are in closer proximity to other
houses, condominiums, or apartments may have greater opportu-
nities to engage in physical activity in the company of peers living
in their neighborhood than children who live in communities with
greater distances between houses (Wohlwill et al., 1985). Another
aim of SG urban design is to foster distinctive, attractive commu-
nities with a strong sense of place with community gathering
places such as parks, playing ﬁelds, and community centers
(National Center for Appropriate Technology, 2010). Therefore, it
is possible that children living in the SG community had access to
a greater number of these types of nearby physical activity
locations that do not require parent-provided transportation to
reach and allow for friend-only company. Other possible reasons
for higher levels of physical activity with friends in the SG
community are lower trafﬁc volumes, a relatively homogeneous
and very small local population, the presence of ‘‘pioneer’’ com-
munity in-migrant families who may know each other or have
children of similar ages—all of which may increase parents’
perceived safety and their willingness to give their children more
freedom to play without adult supervision.
Group differences in the physical contexts of children’s physi-
cal activity may reﬂect fundamental urban design distinctions
between SG and conventional low-to-medium density U.S. sub-
urban communities. When engaging in physical activity outdoors,
children living in the SG community perceived their immediate
environments to have greater vegetation density than children
living in conventionally-designed communities. This difference
may be a product of more park space, farmland, and natural areas
in the SG community. The preservation of open space is a key
principal of smart growth planning (National Center for
Appropriate Technology, 2010). It is possible that perceptions
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reﬂect more undeveloped land, since the community is not yet
fully built out. However, much of the undeveloped land in the
target SG community is covered in scrubby brown vegetation,
which is characteristic Southern California’s semi-arid climate.
The planned green spaces, including parks and trails, are located
closest to the developed areas of this community.
A greater proportion of children living in the SG community
engaged in physical activity within a few blocks of their homes
and traveled to physical activity locations by walking. The walk-
ing effect was expected in particular, because SG communities are
designed to facilitate walking. In addition to providing commu-
nity gathering places and preserving open space, SG urban design
seeks to create walkable neighborhoods by allowing for the
reduction of street widths, requiring sidewalks on both sides of
the street and controlled street crossings, and using trafﬁc control
devices (U.S. Environmental Protection Agency and Capitol Region
Council of Governments, 2009). Although these safety features
were not directly measured in the current analysis, they may
increase the likelihood that children living in SG communities
engage in physical activity closer to home and walk to locations
where physical activity occurs. Alternatively, the SG community
could have had greater walkability because the commercial and
residential areas were not completely built out—resulting in
lower trafﬁc congestion and fewer safety concerns. Future
research should examine whether these effects hold in SG com-
munities that are fully developed.
With the exception of home-based physical activity and
perceived trafﬁc at physical activity contexts, the physical activity
contexts of children who lived in the SG community did not
change across the six months of the study. It is possible that
changes were not observed because children already had begun to
alter their physical activity contexts prior to enrolling in the
study. Although the goal of this research was to assess children as
soon as possible after moving into the new SG community,
practical limitations such as difﬁculty of obtaining move-in lists
and contacting potential participants resulted in a median time in
residence of 15 months prior to the ﬁrst assessment. Another
potential explanation for the lack of changes in physical activity
contexts is that a six-month study window is not a long enough
period of time to capture signiﬁcant move-related modiﬁcations
in where and with whom children are physically active. There is
some research suggesting that it may require up to two years for
adults who move into a new community to become aware of the
available opportunities for physical activity and begin to use them
(Ball et al., 2008). Although research on this topic is lacking in
children, a longer follow-up period may be necessary. A post-hoc
analysis of the wave 1 SG subgroup found that children who had
lived in the community more than 6 months engaged in margin-
ally more minutes per day of MVPA (M¼34.3 min, SD¼22.2) than
children who had lived there 6 months or less (M¼25.6 min,
SD¼14.8) (p¼ .10).
The observed group and GroupTime differences in physical
activity contexts lead to a slightly greater (but not statistically
signiﬁcant) 6-month increase in physical activity for children
living in the SG community as compared with conventional low-
to-medium density U.S. suburban communities. Thus, further
tests of mediation were not warranted. Previous research has
found that the intensity and duration of physical activity bouts
are higher when children are outdoors than at home (indoors)
and with friends as compared with alone (Dunton et al., 2011;
Baranowski et al., 1993; Salvy et al., 2008a,b). These beneﬁts of
outdoor- and friend-based physical activity for children living in
the SG community did not appear to translate into signiﬁcantly
more physical activity overall or signiﬁcantly greater improve-
ments in physical activity across the course of the study.However, it is important to note that the selection of the
subgroup who reported physical activity for this study could
make this group less representative of the overall population of
children living in the SG and control communities. Also, a time
frame longer than six months may be necessary for differences in
physical activity contexts to impact overall physical activity.
Methodological strengths of this study included the use of a
novel real-time data capture strategy to assess physical activity
contexts and a quasi-experimental design with a control group.
The innovative EMA method allowed us to address gaps in the
literature about whether and to what extent children use avail-
able neighborhood environmental resources for physical activity.
Another strength of this study was the use of a prospective quasi-
experimental design to evaluate the effects of a new SG commu-
nity on physical activity contexts and behavior. Prior to this study,
most research examining the association between the built
environment and children’s physical activity had been cross-
sectional or limited to studying effects of existing environments
(Gebel et al., 2007). The current study advanced the research by
providing a prospective evaluation of the effects of built environ-
ment factors as they are encountered by residents who have
moved into a new community within the past 15 months.
The inclusion of a control group allowed us to rule out historical
effects such as large-scale mass media campaigns, which could
account for changes in physical activity contexts or behavior.
However, it is possible that the low-to-medium density U.S.
suburban communities included in this control group are not
comparable to low-to-medium density suburban communities in
Europe and Australia, or other developed counties due to unique
urban sprawl characteristics of suburban Los Angeles such as less
centralized land use control and poorer ﬁnancing for urban
services and recreational programs.
Despite these strengths, this study had methodological limita-
tions. Due to the interval-contingent sampling protocol used, not
all physical activity bouts were captured. Some exercise and sports
could have occurred between prompts. Another concern is that
children’s active play, sports, and exercise were underreported
because it is difﬁcult to respond to an EMA prompt while engaging
in physical activity. However, preliminary analyses of these data
showed that time-matched steps and MVPA did not signiﬁcantly
differ between survey prompts that were answered as compared
to unanswered (Dunton et al., 2010b). There may be some concern
about whether 4 days of assessment is sufﬁcient to represent
children’s usual behavior or whether Friday afternoons and
evenings represent typical school days. Also, weekend days were
overrepresented. Longer monitoring periods at the current rate of
survey prompting, however, could impose participant burden and
reduce compliance, especially in this younger population. Future
studies could consider expanding the number of monitoring days
with fewer prompts per day. Another possible concern is reactivity
to the measurement protocol (i.e., participants changing their
physical behavior as a result of being monitored). However, we
expect this effect to be similar in the SG and the control groups.
Physical contexts were self-reported in this study. Future research
should combine EMA with Geographical Positioning Systems
(GPS) monitoring and Geographic Information Systems (GIS)
mapping to determine geographical location of physical activity
bouts and investigate the speciﬁc mechanisms through which
perceived features of those environments inﬂuence behavior. This
study only described the contexts of children’s leisure-time
physical activity. Activities taking place at school such as recess
and physical education and active transport to and from school are
not represented. EMA questions pertaining to contexts and per-
ceived characteristics were only assessed in 60% of the electronic
surveys to limit participant burden. Although these data were
missing at random, reductions in the sample size for those
G.F. Dunton et al. / Health & Place 18 (2012) 76–84 83analyses limited statistical power. Another important limitation is
that the SG community was not fully built-out at the time of the
study. It was missing some design elements such as mixed land
use and public transit, which are expected to become available in
the next few years. These challenges are the ones that researchers
are likely to encounter when studying a community that is in the
process of development.
In summary, ﬁndings indicated that children living in an SG
community, who reported some physical activity, performed
more of their physical activity with friends and in locations
within a few blocks of their homes and with greater vegetation.
In contrast, children living in conventional low-to-medium den-
sity U.S. suburban communities performed more physical activity
at home and in locations with higher trafﬁc over the course of the
study. These results suggest that urban design may inﬂuence
where and with whom children engage in physical activity.
Although these differences did not appear to translate into
signiﬁcantly higher physical activity levels among children living
in the SG community after six months, more time may be
necessary for these changes to impact their behavior.Acknowledgments
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